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Irish floras. Prof. Heer had been led, chiefly by the erroneous de- 
termination of the Kiltorkan LepModendron by the Irish pal~eonto- 
logists, to refer these beds to the Carboniferous rather than to the 
Devonian formation, the Kiltorkan fossil having been established as 
a very distinct species by Brongniart and Scblmper. Mr. Carruthers 
considered that both the Irish and Bear-Island deposits belonged to 
the Devonian. 

Mr. Borv DAWKr~S pointed out that lhe proximity of land was 
exhibited by the presence of terrestrial plants in the deposits, and 
prevented the correlation of the inshore deposits with those which 
were being formed in deep water. As the marine fauna changed 
more rapidly than the terrestrial flora, it was preferable for classi- 
ficatory purposes. He mentioned forms of vegetable life assigned 
by Dr. Heer to the miocene which had really been discovered 
in America in beds of Cretaceous age. He did not believe that 
corals could have existed in those high latitudes under any thing 
approaching to the present conditions. Prof. NordenskjSld had failed 
to discover any traces of glacial action in these beds ; and the ques- 
tion arose whether there had been any change in the position of the 
.Pole or whether the heat radiated by the earth was sufficient to 
render an Arctic climate equable in Palaeozoic times. 

2. On the EVrDE~CE aj~orded by the DETRIT~ BEDS w~theut and 
within the NOBTH-EAS~EB~ rA~ of the YAL~Y of the W ~ I ~  as to 
the MODE and DATE of the DENu~Ar~o~r of that VAT.L~r. By S. V. 
WooD, Jun., F.G.S. 

[PLATE I.] 

THs denudation of the Weald valley has long been a subject of 
interest and of contention among geologists. The theory of a rise of 
a dome of strata from beneath the sea and the offthrow of the waters 
on all sides from that dome, their escape through lateral fractures 
in the upheaved chalk, together with a slow wearing back of the 
fractured and denuded edges of the chalk in the form of cliffs, long 
held its ground in our text-books, and it is only of late years that 
this theory has met with partial dissent. 

Sir Roderick Murchison was the first ~ I believe, to bring pro- 
minently into notice the fact that a large part of the de~bris con- 
tained within the denuded area consisted of angular chalk flints 
brought from the exterior into the inner part of this area, and so 
far therefore was at variance with the received hypothesis of a flow 
of the denuding waters outwards from the exposed subcretaceous 
strata, over the surface of which these flints were scattered. His 
view, after an elaborate description of the detrital beds of, more 
especially, the western part of the great valley, was that the denu- 
dation had been accomplished by a powerful aqueous agent directed 
eastwards from the apex or western extremity of the Weald valley, 
by which these flints have been thus scattered over the Neocomian 
strata of that part oft, he valley. 

Quart. Journ. Geol. Soc. vol. vii. p. 349. 
v 2  
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Another elaborate memoir treating of the detrital beds Within the 
Wealden escarpment, and their bearing upon the mode in which the 
deuudation was effected, is that of Messrs. Foster and Topley e. 
The view of these gentlemen was that after a plane of marine denu- 
dation had been effected over the original area, the whole of the 
denudation by which, not merely the valleys proper of the Wealden 
rivers, but also the great excavation of the Weald itself (or major 
vaLley), with its well-known contour, have been accomplished was 
effected by these rivers, especially the Medway, flowing in their 
present direction--a view indorsed, apparently, by Prof. Ramsay t .  

Many other notices, special and incidental, upon this question 
have appeared, and among them notices from Mr. Martin, Mr. 
Godwin-Austen, Mr. Prestwich, and Mr. Mackie; the first-named 
of whom has for a long period been a staunch upholder of the 
marine theory; while Sir Charles Lyell, it is well known, has always 
adhered~ in his ' Ele nents '  ar d in his ' Manual of Geology,' to the 
same hypothesis of marine agency. 

In 1866+ + a study of the di~tribution of the gravel of the Thames, 
of that of East Essex and its continuation in the lower valley of the 
Medway, and of that of the heights above Canterbury led me 
to the conclusion that each of these gravel-sheets had partaken of 
some of the movements by which the Lower Tertiaries upon which 
they rest had acquired their present position and outcrop, and had 
thus been contemporaneous with some portion at least of that earlier 
part of the Wealden denudation to which the removal of the Ter- 
tiaries from the North Downs is due. 

I then called especial attention to the circumstance" that the posi- 
tion of the Thames and East Essex gravels in their troughs precluded 
the possibility of a connexion between them and the Thames river, 
either in its present or any prior condition, because that part of the 
Thames valley which lies east of Gravesend, instead of being coinci- 
dent with the gravel-troughs, cuts at right angles through them---a 
feature also possessed by the next river to the north, the Crouch, 
the valley of that river, as well as the portion of the Thames 
valley just referred to, being entirely destitute of gravel or brick- 
earth. 

These features, I pointed out, necessitated an admission that the 
troughs in question had their seaward terminations in the direction 
of the Weald, because the trough which contained the Thames 
gravel was absolutely shut in from the north sea by the lofty ridge 
which separated it from the East-Essex sheet, that ridge not having 
been opened for the river Thames to roach the North Sea until such 

* Quart. Journ. Geol. Soc. vol. xxi. p. 443. 
t Physical Geology and Geography of Great Britain : 1863 & 64. 

See papers on the Structure o~ the Thames Valley and its contained I)epo. 
sits in voL iii. of Geol. Mag. pp. 57 & 99, and the Structure of the 
Valleys of the Blackwater and Crouch, and of thyper on East-Essex Gravel, and on the 
relation of this Gravel to the Denudation of the Weald, /~d. pp. 348 & 398 ; 
also on the Postglacial Structure of the South-soot of England, in Quart. Journ. 
,Geol. Soc. vol. :~i/. p. 394. 
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a late period as that when the conditions giving rise in these parts to 
gravels and brick-earthshad ceased--the period in fact of the modem 
alluvium, which alone occurs in the valley, or more properly the 
wide gorge thus cut through the ridge. 

I then pointed out that east of London, where it occupied the 
more seaward portion of the channel thus opening southwards towards 
the Weald, the Thames gravel had been greatly broken up, denuded 
and elevated irregularly, by which action partial terraces had been 
formed--that u-lder these terraces occurred the gravels and brick- 
earths of fluviatile origin with Cyrenapquminalis which had succeeded 
to the spreading out of the gravel occupying such terraces--and that 
these were the deposits of rivers into which the original gravel-inlets 
had by the elevation of their bottoms become reduced, such rivers, 
equally with the inlets that had preceded them, opening to a sea in 
the direction of the Weald. The mouths of these rivers, I considered, 
had followed the shore-line as this gradually receded southward from 
the rise of the Wealden area, until the sea, first becoming confined 
within an estuary of its own eroding, marked by the Wealden 
escarpments, was eventually expelled from the Wealden area--and 
that upon this event taking place, the drainage acquired its present 
reversed direction from the Weald into the Thames estuary, which 
then came into existence*. 

At the time when by a study of the gravels without the Weald I was 
thus led to these views, I had not examined with any detail how far 
the constitution and position of the gravels lying within the chalk 
escarpments supported or conflicted with them. This I have now 
done, so far as concerns the north-eastern part of the area, which, 
from its contiguity to the mouths of the Thames and :East :Essex 
gravel inlets, is the part of principal importance in the question ; and 
I propose now to show its bearing upon it. 

In doing so it will, I think, be advantageous to consider also a 
question that I had deferred for the occasion, viz. how far the 
theories of the denudation of the Weald by agencies which involve 
the escape of the material removed in.the course of denudation out- 
wards from the Weald and into the Thames area, be they atmo- 
spheric, fluviatile, or marine, receive support or meet with negation 
from the composition of the detrital beds lying without the north- 
eastern part of the Weald. 

Taking up this latter inquiry first, we have two sets of detrital 
beds to consider, viz. the Glacial and the Postglacial. Of the first,, 
we have in this part of :England two formations, the Boulder-clay 
and the gravel underlying it, which I have termed Middle Glacial. 

In  neither of these deposits can it be said that the ddbris of the 

th* e In my paper in the Quart. Journ. Geol. Soe~ vol. ~ii . ,  at p. 408, I regarded 
brick-earth of Erith and Crayford as distinct from that of Grays, and as 

having preceded the Thames gravel. Finding afterwards, by a clearer section, 
that it did not pass under that gravel, I, in a letter published at page 534 of the 
fifth volume of the Geol. Mag., withdrew from that position, and admitted that 
the Grays and Erith and Crayford Brick-earths are identical, and belong alike 
to the lower terraces of the Thames-gravel formation. 
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Wealden denudation is represented. In  the gravel (which is com- 
posed of chalk-flint, with a considerable percentage of quartzites) 
there occur fragments of other rocks, among which are some of 
chert, sandstone, and limestone, that may possibly belong to rocks 
within the Weald, though I am not aware that such an origin can 
be with any certainty aiftxed to them. Again, Mr. Prestwich men- 
tions having found fragments of chert and ragstone that he refers to 
the Lower Greensand of Kent in the shingle of the cliff near South- 
wold, belonging to the Glacial formation. 

Such occurrences as these, however, afford no ground for conclu- 
ding more than that prior to the Glacial epoch such a planing off of 
the Wealden area had begun as to afford exposures of the beds 
beneath the chalk, from which some fragments might at the com- 
mencement of the glacial period have found their way into gravels 
then in course of formation. The evidence necessary, however, to 
justify any assumption that the Weald valley existed as a subaerial 
tract during the whole Glacial period must go very far beyond this. 
Whether we suppose this valley to have been occupied during the 
Glacial period with ice which streamed through the lateral valleys 
of the north-east side into the Thames area--or whether we suppose 
it to have had a milder climate, so that rivers of water instead of ice 
followed the same course--in either case great volumes of the wreck 
of the subcrctaceoas strata ought to have been brought into the 
glacial beds which approach so near to the Wealden area as do those 
of the south of Essex; but these beds, especially the Boulder-clay, 
are conspicuous by their absence. If  we consider through what various 
beds of stone the Medway and Darent valleys are cut, and what 
immense quantities of this stone must have been removed to form 
them, the absence or extIeme paucity of such d~bris in the Glacial 
beds is significant; but if we couple, as we have been asked to do, 
the denudation of the great valley of the Weald itself with the ero- 
sive action of the Wealden rivers, then this becomes still more signi- 
ficant, and the impossibility of the Weald having been under sub- 
aerial conditions during the prevalence of those excessively detrital 
agencies that we attribute to ice seems to me obvious--and the more 
especially when we remember the greater extent which the Lower 
Greensand formation must have occupied in the earlier stages of the 
Wealden denudation, all of which, with its great beds of stone in 
fragments, has gone somewhere. 

Further, the Boulder-clay of the Essex heights is mainly com- 
posed of rolled chalk ; but it is not the soft chalk of Kent and Surrey, 
but the hard chalk of Yorkshire and Lincolnshire, termed "Rock"  
by the well-borers of those ~ounties. The flank of the Lincolnshire 
chalk-wold for a long distance is occupied by a vast deposit of 
glacially degraded chalk, so pure as to be extensively quarried for 
lime, and so thick that the range of country formed out of it rivals 
in height the Wold itself. We thus see to what sort of detrital 
accumulation a range of chalk hi]is has given rise under the powerful 
action of glacier ice; and it appears to me but reasonable to expect 
something of the kind to have occurred over the south-east of Eng- 
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land, had that region been under subaerial conditions during the 
prevalence of this icy envelope ; yet, after allowing for the excessive 
denudation which has, as it seems to me, prevailed in postglacial 
times over the south-east of England, the complete absence of the 
smallest vestige of any such accumulation as we find in Lincolnshire 
is, I think, reconcilable only with the conclusion that during the 
formation of the Boulder-clay this region was covered by the sea--  
a conclusion, moreover, to which the position of the Boulder-clay at 
elevations of 300 feet and upwards on the Essex heights that front 
the North Downs equally points. 

So far, therefore, as the evidence of the detrital beds of Glacial 
age lying without the north-eastern part of the Weald affords a test, 
we are, I t~uk,  entitled to infer t]~at the Weald was not during the 
climax of the Glacial period an area undergoing denudation by streams 
either of water or of ice, and, indeed, that, with the exception of the 
earlier part of that period, it was not above water at all. 

Passing now to the Postglacial beds, the principal formations of 
this age lying without the Weald are the gravels to which I have 
already made allusion under the names of the gravels of the Thames, 
of East Essex, and of the Canterbury heights. 

Precisely the same kind of reasoning is applicable to these as to 
the case of the Glacial beds, so far as concerns the d4bris of sub- 
cretaceous rocks. I f  the Stour, the ~l:edway, and the Darent, 
running outwards from the Weald, had effected any thing like the 
prodigious denudation attributed to them, fragments of the stone- 
beds of the Lower Greensand ought to make up at, least half the 
volume of the Thames, the East-Essex, and the Canterbury-heights 
gravels where these three streams pass through them. 

In the Thames gravel of this part, however, such fragments, 
though common, form but a small proportion of the gravel mass, the 
bulk of which is flint with some quartzites intermixed. The East- 
Essex gravel, both where it lies within the valley of the Medway 
between the Nore and Rochester, and where it extends along the 
east coast of Essex, presents similar features; while the gravel of 
the Canterbury heights, which forms the sides of the valley through 
which the Steur flows, is even more exclusively flint in its compo- 
sition, as it requires a search of some time to find half a dozen flag- 
merits of any other material, so that in this gravel the proportion 
of any other material than flint is probably not l-~-~ of the mass. 

I f  we reflect how small is the elevation of these gravels above the 
streams which flow beneath them, in comparison with the elevations 
which the subcretaceous rocks attain within the Weald, can it be con- 
tended that gravels so composed could have been deposited from rivers 
which were effeeting the enormous denudation that has placed these 
rocks as they now are? Canwe, even if we reject the hypothesis of 
this great fluviatile denudation, reconcile the composition of these 
gravels with their deposition from these rivers when in greater volume 
than now ? 

The answer seems to me to be clearly negative, and that under such 
circumstances the flint in the East-Essex gravel between Rochester 
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and the Note ought to form but a subordinate proportion of the 
constituent material, while in the Canterbury-heights gravel nearly 
as much suberetaceous material as flint ought to occur. The case 
of the East-Essex gravel, especially of that part of it which exteuds 
from the Nore to Rochester, is a very strong one ; for the chalk forms 
but a very small part of the area drained by the Medway, and, while 
the gravel-producing material, the flint, constitutes only a small per- 
centage of any given amount of chalk strata removed, especially of 
the Lower Chalk which obtains in this area, the portion of the Lower 
Greensand formation which is drained by the Medway is largely 
made up of beds of hard stone. The Hastings-Sand formation, too, 
abounds with indestructible gravel-forming material, and in as large 
a ratio at least as does the chalk.. Omitting the Weald Clay and the 
Gault as non-gravel-forming strata, we have, roughly speaking, the 
following proportions borne by the areas of those gravel-producing 
formations lying beyond the East-Essex gravel termination at 
Rochester whose drainage falls into the Mcdway, viz. : -  

Lower London Tertiaries . . . . . . . . . . . .  0.25 
Chalk . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1'00 
Lower Greensand . . . . . . . . . . . . . . . . . .  2'75 
Hastings Sand . . . . . . . . . . . . . . . . . . . .  3.00 

Total . . . . . . . . . . . .  7"00 

While the chalk thus figures for only one-seventh in area, it would, 
in proportion to any given quantity of strata removed, yield no more, 
indeed less, of flint than the Lower-Greensand beds, or even the Hast- 
ings-Sand formation, would of hard gravel-forming material. 

If it be objected that the stone beds of the Lower Greensand are 
'mostly limestone, and therefore soluble under the action of acidulated 
water, such objection does not apply to the Hastings-Sand material, 
of which, indeed, the broad sheet spreading over the Weald-Clay bot- 
tom is mainly, and in some parts exclusively, composed. Neither 
has it prevented the gravels of the Lower Greensand country f~om 
being principally made up of the stone beds of this formation. 
Moreover, the Kentish Lower:Greeusand Limestone, so extensively 
used in building, is not of a perishable nature, and much of it is in 
that broken condition most suitable for supplying fragments for 
gravel-accumulation; while on the other hand so perishable a 
material as the Kentish Chalk has, according to Messrs. Topley and 
Foster, found its way, in the form of nodules, into gravels near 
Maidstene. Allowing, therefore, the fullest weight to this objection, 
can we resist the admission that if the East-Essex gravel, especially 
that part of it lying between Rocllester and the Nore, resulted from 
the transport of the Mcdway, the flint debris in it (exclusive of the 
Lower Tertiary pebbles) should be largely outbalanced by subcreta- 
ceous material, instead, as the case is, of that material forming but 
a very small proportion of this gravel ? This inference will not be 
appreciably weakened by supposing that the respective escarpments 
extended southwards in former time, because a careful examination of 
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a map of the drainage-areas and of the elevations will show that the 
proportions borne by the Chalk, Lower-Greonsand, and Hastings- 
Sand superficies would then remain pretty nearly the same as now--  
the chief sufferer by such extension being the Weald Clay, owing to 
the steep upthrow possessed by the Hastings-Sand formation. 

The question then naturally arises, how did any fragments having 
their parentage within the Weald get into these gravels unless there 
was an outflow from the Weald ? The explanation offering itself is that 
the tidal flow up the inlets in which I regard these gravels as having 
been deposited would bring such material in moderate quantities from 
any exposures of the parent rock within the Weald ; and I may ob- 
serve here how little effect geologists seem disposed to attribute, 
whether in the way of transport or of denudation, to this powerful 
and uuiform force--the tide. I t  seems to me that the character and 
contents of the main mass of the gravels of the Thames, East E~ex,  
and Canterbury heights, composed as they are almost wholly of flint 
in all stages of wear, from the subangular fragment down to the 
spherical Lower Tertiary pebble*, is far more consistent with a de- 
rivation from the wear of a long eoasg-line of Lower Tertiaries and 
Chalk than with a derivation from rivers draining, as those of the 
Weald do, extensive areas of subcretaceous strata abounding in stony 
bbds. 

I now propose to consider the case of the detrital beds within tl~e 
portion" of the Weald here under consideration. 

As before mentioned, Sir Roderiek Murchison has shown the great 
extent and quantity of angular chalk flint which is scattered over 
the Lower Greensand of the western extremity of the Weald, and that 
flint and Lower-Greensand d6bris, with some Tertiary pebble, is 
scattered over the Weald-clay zone drained by the Eden. In the 
north-eastern part of the Weald, although angular flints are abundant, 
the gravels which I regard as anterior to those resulting from the 
present rivers are more or less mixed with pebbles derived from the 
Lower Tertiaries. 

The especially noteworthy feature connected with this intermix- 
ture, however, is that the pebbles and the angular flint present no 
intermediate grades of rolling to connect them ; so that it is obvious 
this admixture of angular flint and tertiary pebble cannot, in finding 
its way to the positions it occupies, have undergone any considerable 
or repeated amount of wear by transport t .  This feature seems to 
me repugnant to any presumption that these pebbles have settled 

In this respect the Lower or Fluviatile gravels of the Thames sheet differ 
greatly from those of the main mass, as their flints are far  coarser and more 
angular, and present less gradation towards the Tertiary pebbles mixed with 
them. 

t Instances occur, moreover, in which chalk fragments have occurred in this 
intermixture. Considering how impossible it is for chalk to Sustain without 
dissolution any long-conginued aqueous action, this circumstance is also of much 
importance. The difficulty is enhanced in the case of one of the gravel patches 
shown in the map as resting on Weald clay west of Yalding, in which Messrs. 
Foster and Topley speak of chalk nodules having occurred. Their transport 
there, however, by drainage, in the reversed condition shown in the map, seems 
to me simple enough. "~ 
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down into their present places by successive transport from higher to 
lower levels during a long-continued fluviatile denudation--because 
such a successive and long-continued transport could not have failed 
to grind the smaller pebbles into sand, and to reduce the angular flints 
into all stages of wear, connecting them with the pebbles themselves. 

In the map accompanying this paper, some of the more elevated 
gravels within the escarpments of the part of the Weald under con- 
sideration which are characterized by the presence of an admixture of 
chalk flints and Tertiary pebble, are shown in a way which dis- 
tinguishes them from the rest of the gravels there. Of these, such 
as fall within the area drained by the Medway or its afl|uents, 
have been described by Messrs. Fester and Topley ~ The rest, 
lying within the drainage-area of the Stour, I will briefly notice. 

About Kennington, near As]fiord, these occupy a high position, 
far above the Stour, and distant about a mile from it. The bulk of 
the Kennington gravel is composed of suberctaceous material; but 
there is a considerable proportion of angular flint in it, and some 
Tertiary pebble. 

On the opposite side of the Stour, at Willesboro', is a remarkable 
patch exposed in the road-cutting west of the village. So far as I could 
detect, upon a brief examination, this gravel, 5 feet thick, was almost 
e~tirely made up of Lower-Tertiary pebbles and fragments of flint. 
At Smeeth, three miles further west, and midway between Merstham 
Hatch and Ridgeway, there is a gravel of suberetacoous material, 
intermingled with flint and Tertiary pebbles and a few pieces of 
chalk; and over the gault belt near to the chalk escarpment, angular 
white-coated flints often occur lying on the surface, but apparently 
no Tertiary pebbles. 

The position of these gravels near As]fiord, and of those above 
Maidstone, relatively to the chalk escarpments near each place, and 
to the rivers Stour and Medway, is indicated by the Sections A and 
B that accompany the map ; and the Sections have their places indi- 
cated by lines upon the map. In both cases these gravels lie near 
what I regard as river-mouths bringing in drainage from the north; 
while similar gravels, described by Messrs. Foster and Topley, He 
within the Medway area on the Weald clay beneath the Lower 
Greensand escarpment, and occupy a position near what I regard as 
one of these river-mouths after it had advanced from the Chalk es- 
carpment at Maidstone to the Lower-Greensand one near Yalding. 

In the case of some of the gravels near Maldstone, Messrs. Topley 
and Foster offer, as the explanation of the occurrence of flints, nodules 
of chalk, and pebbles in them, the action of a rivulet tributary to 
the Medway, which runs up towards the foot of the Chalk escarp- 
ment at Boxley. But though angular flints and chalk might by 
such a means fred their way into the Medway, it is not apparent how 
Lower-Tertiary pebbles could do so, even at the greatly higher level 
at which both the tributary and the Medway itself must have flowed 
to reach the high situation of these gravels at Barming, and above 
Allington (near ~Jaidstone). 

The position of the gravel at Willesboro' is still more antagonist~-- 
*Loc. e/t. 

June 23, 2016
 at University of Oregon onhttp://jgslegacy.lyellcollection.org/Downloaded from 

http://jgslegacy.lyellcollection.org/


1870.] WOOD--W~AT.D-VAT.T.~ 1)~VDA~IO~r. 11 

because, though composed of angular flint and Tertiary pebbles, the 
stream that passes Willesbero', a tributary of the Stour, does not 
reach any way near to the chalk escarpment, while pits in the Lower- 
Cretaceous stone are close at hand. In  striking contrast with this 
Willesboro' gravel is the gravel skirting the Stout at lowest level at 
Bucksford, less than three miles west from that at Willesboro'. 
This low-lying gravel is entirely made up of subcretaceous material, 
though by long search a solitary fragment of flint may be found in 
it, derived probably from the flints scattered over the Gault surface, 
up to which some of the rivulets running into the Stour extend ; it 
is obviously a deposit of the Stour when flowing in greater volume 
in the same direction as at present. But, looking at the physical 
and geolo~cal features of this par~ of the Weald, can it be con- 
tended that a similar flow at from 50 to 100 feet higher level could 
have deposited gravel of such opposite character to this as is that 
hard by at Wfllesboro' or that, about 15 miles distant, on the heights 
at Canterbury ? 

I would, however, prefer to deal with the possibility of these 
pebbles reaching such positions on broader grounds than the precise 
position of the rivulets nearest to their place of occurrence ; that is, I 
regard their position as repugnant to any introduction from the Stour 
or Medway, in their present direction, during the course of a pre- 
longed atmospheric or fluviatile denudation which resulted in the pro- 
sent excavation forming the Weald, for the following reasons, viz. : - -  

1st. The form and character of the great Wealden denudation 
area (or major valley), as distinguished from the valleys proper of the 
Wealden rivers (or minor valleys), is diametrically opposite to any 
that can result from river-action, because, however great we concede 
the power of that action to be, any excavation resulting from it must 
be conterminous with the excavating agent itself (the river and its 
tributaries), since every stream, large or small, can only deepen its 
own proper valley, and the result cannot be any such excavation as 
the major valley of the Weald, with its well-known contour and 
escarpments, but only a series of valleys, or minor excavations, 
ramifying in the directions in which the stream extends, and in some 
degree a t  least coinciding with them ; and the longer this action is 
continued, the deeper and more distinct must these features become. 

2nd. I f  flints and pebbles were derived from the Chalk escarp- 
ment, we should look for an increase in their number as the escarp- 
ment is approached; but though a few angular flints are in some 
places scattered over the surface of the Gault, the Lower-Tertiary 
pebbles seem wholly absent from that part of the area, and from the 
sources of the streams supposed by some to have brought them. 

3rd. The Lower-Tertiary beds yielding pebbles are far away from 
the escarpments, and rest on the northern extremity of the chalk 
slope and below the crests of the escarpments; and however high 
the level be to which we carry our imagination of the flow of the 
Wealden rivers in past times, even if up to the level of the escarp- 
merit-top itself, still the drainage from the Lower-Tertiary strata 
must at all times have flowed away from the scarp, and not into the 
Weald. There are, however, some patches of pebble-beds (of date 
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prior to the excavation of the Weald valley, whether of  Lower  
Tertiary age or of some subsequent period) which occur near to, 
and even on, the chalk escarpment, and are shown in the accom- 
panying map. These, however, clearly could not have supplied the 
pebbles to the Kennington, Willesbero', and Smeeth gravels, which 
lie within a separate drainage-area--that of the Stout; and if we 
suppose those gravels that are shown in the map as lying within the 
area of the Medway drainage and containing Tertiary pebbles to have 
been supplied from this source (straining our imagination, and ig- 
noring, in order to do so, various physical features that conflict with 
such a direction of supply), we ought for consistency to find Tertiary 
pebbles in increasing proportions in those gravels of the Medway 
drainage-area, beth higher and lower, which lie nearer and nearer 
to these scarp beds ; but such is not the case. 

While the introduction of these pebbles, and the nature and form 
of the area of denudation seem to me Mike repugnant to any con- 
coivable river-agency acting in the direction of the present streams, 
the position and mode of occurrence of all the gravels within this 
part of the Weald appear to me to be just what might be expected 
from the sequence of events after the Thames gravel which I have  
in previous papers put forward; and tbis sequence I will endeavour 
here to trace in harmony with the composition and position of such 
gravels. 

I should premise, in order to remove misapprehension, that I have 
never entertained, and wholly reject, the hypothesis of the escarp- 
ments having ever been cliffs, although they appear to me to have 
formed sea-margins and steep foreshores'. The absence, however, 
of beds with contemporaneous marine fossils within the Weald, either 
at the feet of the escarpments or on elevations within the major 
valley, does not seem to me to be entitled to any weight; for there 
is proof, from the envelopment of some two or three miles of it in 
Boulder-clay, that the escarpment of the Yorkshire Wold existed 
during the glacial period, and must therefore have been a sea-mar- 
gin, because, in whatever way this Boulder-clay was formed, no one 
can deny that the Yorkshire Wold passed under the Glacial sea; and 
if the valley below it was filled with, and the Wold covered by, ice 
when subsiding, they were clear of this when emerging, and under- 
went great denudation, during that process. The features exhibited 
by sections of mine, Nos. 7 & 8, at p. 402 of the 23rd volume of the 
Society's Journal, render it dit~icult to deny that the same thing oc- 
curred with respect to the chalk-escarpment of Herts and the lower 
grounds below it. Nevertheless we do not in either of these cases 
meet with beds with marine fossils referable to this period of emer- 

,t While rejecting the hypothesis of scarps being in any way allied to cliffs, I 
cannot admit that the absence of beaches at their feet is any argument in the 
case, because hundreds of steep acclivities in the 'north of England and in Scot- 
land that could not have been any thing else than cliffs when emerging from the 
glacial sea, are quite destitute of beaches at their feet. Some of these, sueh u 
Gristhorpe cliff in Yorkshire, shown by me and Mr. Rome in section at p. 180 
of the 24th volume of the Quarterly Journal, have now become cliffs again, and 
l~ve the beach at their feet, which they had not when rising out of the glacial 
I~a. 
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gence and denudation. The Glacial beds o~ East Auglia have un- 
dergone a similar emgrgence and denudation; and even those who 
attribute the Wealden denudation to atmospheric and fluviatile 
agencies admit that the Lower Tertiaries and Chalk over the south 
of England underwent a previous denudation or planing off by marine 
agency; but where are the beds with marine fossils in East An~lia 
or over the south of England representing such emergence and de- 
nudation? These questions might be extended to the denudation 
of the coal-measures and other old rocks; but the phenomena pre- 
sented by denuded areas appear to me to show, uniformly, that a 
denudation effeeted durin, 3 upheaval* is unrepresented by beds with 
contemporaneous marine fossils deposited over the denuded area. 
Upon any introductiou afterwards of the sea, however, we get 
these beds--as, for instance, the Kelsea gravel in Yorkshire, the fen- 
gravels of East Anglia, and the brick-earth of the Nar in Norfolk : 
but there has been no such reintroduction of the sea into the Weald 
since its denudation, unless it be in the Lewes levels. The beds 
with marine fossils contemporaneous with the Wealden denudation 
are to be looked for without the Weald, i. e. beyond the region of 
upheaval and denudation ; and thus it is, as well as for the other 
reasons assigp.ed in the sequel, that I refer the fossiliferous mud-bed 
of Sehea, lying in the depressed and undenuded fold between the 
two areas of upheaval and denudation, the Isle of Wight and the 
Weald, to the per'od of that upheaval and denudation. 

In  the accompanying map, by means of shading in the escarpment 
carefully reduced from the ordnance map, the very conspicuous 
features of mouths opening towards the Weald, presented by the 
gorges in the chalk escarpment between Guildford and Dover, and 
by that in the Lower-Grcensand escarpment at Yalding, are made 
apparent t .  The gorges of the ~outh Downs present no such feature. 

I%w patches of gravel containing Tertiary pebbles occur near 
one or other of these mouths : and it is clear that streams flowing 
from the north through the Tertiary and Chalk area, and debouch- 
ing through these mouths into a sea occupying the area within 
these escarpments, would necessarily bring an abundance, both of 
angular chalk-flint and of Lower-Tertiary pebbles into the Weald, 
there to intermingle with fragments having their parentage within 
the Weald itself. 

My proposition is that the violent disturbances from east to 
west at some time subsequent to the older Tertiaries to which, it is 
universally admitted, the Weald owes its present form ++ took place 

* It is the reverse with denudation during depression ; for there the advan- 
cing sea, as e.g. that of the Lower Tertiaries over the Chalk, planes off its floor 
and then deposits its sediment with contemporaneous marine organisms--pre- 
ceding this usually, however, with beds of rolled fragments. 

t To show better the physical features of the scarp, the strip of Atherileld 
clay that forms the foot of the Lower-Greensand escarpment has been shaded in 
with the Weald clay, instead of, as is usual for geological grouping, with the 
Lower Greensand. 

In order not to encumber the cue discussed in the body of the paper, I have 
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subsequen t ly  to  t h e  accumula t ion  of  the  Thames  gravel ,  and  t h a t  
the i r  effect was  to p u t  an  end  to t h a t  gravel  and  the  coeval gravels  
of  E a s t  Essex  and of the  Can te rbu ry  he ights ,  and gradua l ly  to raise 
the  sea-bed over K e n t  and  Sussex, and  away  to the  n o r t h  of France ,  
g iv ing  rise the reby  to a g rea t  submar ine  d e n u d a t i o n R t h a t  by th is  
act ion t h e  inlets  in  wh ich  the  T h a m e s  and  coeval gravels  had  accu-  

avoided reference to any earlier stages of the Wealden denudatio~ Mr. Prest- 
wich, in. his ' Memoirs on the Lower London Tertiaries,' gave reasons for sup- 
L)osing that the first elevatory action over the Wealden dome preceded the Lower 
Tertiaries. Those also who agree with him as to the age of the LenhAm and 
Paddlesworth beds, must adm- it that a considerable planing off of the chalk, 
exposing probably the aubcretacoous strata, was renewed prior to those Lenham 
and Paddleaworth beds being deposited. I would again call attention to the 
physical fact, plain to any who will take the trouble to extract the contours from 
the ordnance map, that there are two distinct sets of disturbancm traceable in 
the south-east of England :----one, the sharp rectilinear east and west upthrows, 
by which the denudation of the Weald valley has been induced, and which I 
consider to have affected the Thames gravel, both east and west of London, and 
to be connected with the similar upthrows of the Isles of Wight and Purbeck (all, 
therefore, of a date posterior to the first accumulation of the Thames gravel) ; 
and the other, a set of anterior origin, consisting of a series of concentric curves, 
the exterior of which is formed by the Cotteswold escarpment, and the next to 
that by the chalk escarpment from Pangbourne to Royston, while the inner ones 
constitute a series of smaller escarpments, of which the Wumpet-mouthed gorges 
in the North Downs, referred to in the paper as river-mouths, successively form 
parts, the whole set centring near Canterbury. These curves are connected 
very distinctly with another, and apparently contemporaneous, set, which centre 
near the western extremity of the Isle of Wight, and are concentric half circles 
tbrmed by the Lower-Tertiary outcrop of Hampshire and the chalk escarpments 
of the south-west. The rectilinear movements to which the denudation of the 
Weald valley is due, have destroyed this anterior curvi]inear contour, ~v~z'c~/~ 
perfect up to the points where these rectilinear upcasts oce~tr. I formerly sup- 
posed that these curved groups were, equally with the rectilinear ones, of po6t- 
glacial origin ; but an examination of the glacial beds of Bedfordshire mad of 
Northamptonshire showed these beds in such a position relatively to the chalk 
and oolite escarpments (which form successive concentric curves of the Can- 
terbury group) as necessitated the inference that the curves were of preglacial 
origin. These curvilinear xnovements appear, however, to be clearly synchro- 
nous with the first denudation of the Tertiaries from the south of England, and 
with that planing off of the chalk over the Weald, to which allusion has been 
made. The two principal rectilinear flexures, by which the direction of the 
denudation of the Weald va//ey has been induced, are those of Portsdown Hill 
and the Guildford Hog's-beck ridge, running east and west and paraUel to each 
other, and indicated by lines in Map No. II.  The upthrow of these I consider 
to have so acted on the sea expelled from t~e north of Kent by the synchronous 
upcast of the country from there over to France, as to have caused it to denude 
their regular parallelogrammatic trough formed by the chalk escarpments of 
the Weald. The two inner curves of the concentric series which centres at 
Canterbury are visible on the accompanying map, No. I., the innermost of 
the two being formed by the escarpmentwhich skirts the Canterbury-heights 
gravel on the west, and extends down to the Weald escarpment above Smeeth. 
The northern extremity of this curve has now disappeared into the north see. 
The other, and next outward curve, is formed by the escarpment which skirts 
the East-Essex gravel on the west, and extends down to the Weald trumpet- 
mouth above Maidstone. The two trumpet-mouths west of this are successively 
partial repetitions of these curves; but the next complete repetition is made 
by the chalk escarpment from Pangbourne to Royston; and the next to this, 
and last, is the Cotteswold escarpment, prolonged by the oolitic escarpment 
fl]rough Warwickshire, and by the oolitic escarpment of 1%rthamptonshire. 
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mulated shrank into river-channels, through which the drainage of 
Essex and Middlesex flowed southwards to this disturbed sea. In  
order to make this intelligible I have placed beside the larger map, 
which shows the detrital beds and contour surface, two smaller ones 
illustrating the succession of events thus supposed. The first of 
these shows the distribution of land and water when the Thames and 
coeval gravels were accumulating, and the other this distribution 
when the sea had deserted the chalk country and retired within the 
chalk escarpments of the Weald. 

Now, in addition to the three openings in the North Downs, 
through which the rivers Stour, Medway, and Darent flow, and 
which expand trumpet-mouthed towards the Weald, and are regarded 
by me as the remains, first of old channels, and afterwards of old 
river-mouths, there is another precisely similar mouth further to the 
west, through which the Brighton Railway passes. This mouth 
forms now a dry valley extending from Croydon to Merstham, but 
so elevated and shallow in comparison with the three others that 
the railway has to pass out of it into the Weald at Merstham by 
means of a tunnel. Elevated and destitute of water as is this 
trumpet mouth, it is identical in form with those through which the 
rivers Darent and Medway flow, showing undeniably, as it seems to 
me, that this trumpet-shaped feature is not due to the erosive action 
of a river flowing outwards from the Weald, for no river at all is 
there. 

The explanation of this dry, shallow, and elevated trumpet 
mouth seems to me to be this, viz. that it represents another of 
the channel-, and eventually river-mouths opening into the Weald 
which became established when the sea was retreating to the chalk 
escarpments. 

As we go eastwards from this point, the chalk and Lower Green- 
sand have an easy dip; but as we go westwards from it the dip 
becomes much sharper, until between Guildford and l%rnham the 
chalk is all on edge, and at angles varying from 35 ~ to 45 ~ . It  seems 
to me therefore that while this more easy upcast eastwards permit- 
ted the fluviatfle wearing down combined with tidal erosion to keep 
pace with the upcast, and so maintain these mouths as points of 
river discharge, the more abrupt character of the western upcast did 
not allow of this being done ; so that the drainage into the Weald 
through this trumpet mouth, traversed by the Brighton Railway, 
was put an end to at an early stage in the retreat of the sea Weald- 
wards. The gorges through which the Mole and Wey now flow were 
probably similar mouths, which (although the sharpness of the 
chalk upcast in their neighbourhood has somewhat destroyed their 
trumpet-mouthed character, as well as the coast-contour that was 
synchronous with them) nevertheless were cut through during the 
disturbances so as to allow the drainage to flow into the Weald. 

That part of this easterly drainage which flowed through the 
Darent gorge seems to have terminated before the Lower-Greensand 
escarpment became the sea-margin ; but that flowing along the lines 
of the Medway and Stour remained unarrested, the mouth of the 
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Medway drainage having been worn down step by step as the Lower- 
Greensand escarpment rose above the waters, until it presented the 
condition now exhibited by the trumpet-mouthed gorge cutting 
through that escarpment at Yalding; at which time, or even pre- 
viously, through the opening in the Lower-Greensand hill to the 
north of them, the Lower-Tertiary pebbles and angular flints abund- 
antly present in the gravels near that place, shown in the map, 
were thus brought from the northward through the Lower-Green- 
sand escarpment. 

The Lower-Greensand escarpment subsides and disappears near 
Ashford; so that where the Kennington, Willesboro', and Smeeth 
gravels contsLinlng the flint and pebble admixture occur, there is no 
such escarpment at all. The mouth by which the drainage through 
the Stout valley entered the Weald seems therefore not to have much 
advanced beyond the chalk escarpment ; so that the gravels at these 
places represent both the gravels above Maidstone, accumulated 
when the Medway mouth was near the chalk escarpment, and the 
gravels about Yalding, accumulated either about the same time or 
else later, when that mouth had become established near the Lower- 
Greensand escarpment. The highest of the Sr~ur area, viz. those 
at Kennington, seem to be probably coeval with the gravels above 
Maidstone ; while those of Willesboro', which are at a lower level, 
may be synchronous with the gravels about Yalding. 

During the later portion of this change the H~tings-eand country 
formed, it seems to me, a large island, so that what for convenience' 
sake I have called sea, was really only an inlet receiving freshwater 
through these several rivers ; and since the width between this island 
and the chalk escarpment varies only from eight to eleven miles, and 
between it and the greensand escarpment from five to six miles only 
at the narrower parts, there would have been a considerable tidal 
scour exerted under any circumstances, while the far greater volume 
of the land-drainage of those postglaeial times, compared with what 
now obtains in the east of England, would tend to push the limit of 
fresh water further out into estuaries than at present. Great 
freshets too, carrying with them volumes of river-mud with its 
associated organisms, would be poured into the Weald; and through- 
out it is to be remembered that the fresh water must follow the 
salt water as the latter recedes by the extension of the shore-line, 
and occupy its place. In this way it seems to me that there would 
be nothing repugnant to the events I have traced, if  the gravels in 
question should hereafter be found to yield the remains of land or 
fresh-water org~nlsms, such as do occur in some of the gravels and 
brick-earths shown in the map under a different shading, and which 
are most of them due to the rivers flowing as they do now. 

The views thus sketched assume the Weald, when the sea had retired 
within the chalk escarpments, to have been the island-studded head of 
a still longer inlet formed by the British Channel while this channel 
was closed to the north by an isthmus between Dover and Calais, 
which had come into existence by means of that elevation of the 
chalk country which put an end to the Thames gravel and its coeval 
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beds. This assumption I brought forward in 1866", when first 
endeavouring to show the process by which I consider the Wealden 
denudation to have been accomplished,~ n ignorance that it had 
been already, as I find, suggested by Mr. Mackie t .  The sug- 
gestion, however, when fitted into its proper place as to time, i. e. 
posterior to the Thames gravel, appears to me an essential ingredient 
m the proposition, because the existence of such a barrier between 
the Channel and the North Sea must have largely augmented the 
tidal rush and consequent erosive action of the waters within the 
Weald. On the other hand, the diminution of this tidal scour, 
produced by the opening of the Dover Straits, supplies an efficient 
cause why the elevation of the Wealden area should overmaster the 
denuding agency, and so e~tricate the Weald altogether from the 
s e a .  

I t  may be further added that this state of things agrees with the 
features of the marine deposit e ~ i n g  the sea between Selsey and 
Worthing, in Sussex, described l~y Mr. Dixon and by Mr. Godwin- 
Austen. A numerous fauna has now been obtained from this deposit 
by Mr. A. Bell, which, while it is quite unlike that of any of the 
glacial deposits, and also unlike any of the marine postglaeial depo- 
sits in other parts of England, and in Scotland+*, nevertheless con- 
sists entirely of species that are still living. Nearly all the shells 
are denizens of our extreme southern shores ; but a few do not reach 
us, having their northern limit on the Lusitanian coast, so that this 
deposit indicates that at some Postglacial period the British Channel 
was subjected to an influx of Lusitanian water, which afterwards 
ceased and was followed by a change, under the influence of which 
certain Lusitanian mollusea disappeared from our shores. This 
order of succession is shown by the deposit in question being over- 
lain w by a few feet of deposit containing some large angular erratics. 

This overlying erratic deposit, I take the opportunity of ob- 
serving, I regard as quite unconnected with the glacial beds,--its 
erraties being due to the presence of conditions of climate such as 
introduced the large angular blocks into beds os the Thames gravel 
series at Grays, the greywether blocks into the Postglacial gravel 
of Hampshire, and the boulders into the Postglaeial clay of Hessle, 
in Yorkshire,--sueh deposits being due to conditions of climate 
wholly unlike those which gave rise to the Greenlandic conditions of 
the Glacial period, but similar to what now obtains in the Gulf of 
St. Lawrence and ether parts where ice forms on coasts during the 
winter. The deposit, however, may perhaps indicate a colder sea- 

Geol. M~ag. vol. iii. p. 402. 
t Geologist, voL iii. p. 203. 

I group all the Scotch so-caUed Glacial shell-beds as Postglacial, as they 
rest on the Boulder-clay, and have a very different fauna from the Glacial beds 
proper, which include the Boulder-clay on which these Scotch beds rest. 

Godwin-Austen, Quart. Journ. Geol. Soc. vol. xiii. p. 49. According to 
Mr. Austen the fossiliferous deposit has large portions of the skeletons of 
F~ept~as ~rimigeniu8 imbedded with the shells, and is underlain by red gravel. 
This gravel may probably, therefore, belong to the age of the Thames beds, or 
nearly so. 

VOL. X X V I I . ~ P A R T  I.  C 
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water than that underlying it, in which the Selsey fauna lived; 
and this colder change I associate with the admission of the North 
Sea through the Dover Strait. 

So soon as by these means the elevatory action gained on the 
tidal erosion, and the Weald was deserted by the sea, the reversal of 
the drainage of the Stour and Medway into its present direction 
commenced. Its first result would be that the streams, descend- 
ing from the northern portion of the Hastings-sand country, and 
having to seek a new outlet, would form a lacustrine kind of ex- 
panse up to the level where a point of outlet along the present line 
of drainage was found for it. The deposit of that expanse I trace 
in the wide-spread sheet of gravel which skirts the Medway and its 
tributaries, the Beult, Eden, and Teise, over the Weald-clay bottom, 
and which, in the case of the Beult and Teise, is formed almost ex- 
clusively of material derived from the Hastings-sand eotmtry, locally 
called "Crowstone gravel," but which in the case of the Eden, as 
Sir Roderick Murchison has shown ~ has a considerable admixture 
of Lower-Greensand and flint material, and, in the case of the Teise 
(as I am informed by Mr. Topley), of Tertiary pebbles also, derived, I 
conceive, from the prior distribution of such material over the area 
when in the condition shown in sketch map No. III.  

A few patches of gravel resting on Weald-clay, but occupying 
higher ground than this sheet, skirt the Hastings-sand country, such 
as those at Marden and Wantsueh Green, mentioned by Messrs. 
Foster and Topley. These are similarly composed of Hastings-sand 
material; and though these gentlemen speak of flint having been 
found in them, it must be excessively rare ; for I could not detect 
a trace of it. Their age I regard as similar to that of the gravels 
with Tertiary pebbles about Yalding and at Willesboro' ; but beingon 
the opposite side of the channel formerly occupying the Weald-clay 
area, they received no Tertiary pebbles like their coeval gravels at 
Yaldlng and Willesboro', but were supplied by the material de- 
scending from the Hastings-sand hills. The few flint fragments 
that Messrs. Foster and Topley speak of may have drifted along the 
island shore from those abundant accumulations of flints described 
by Sir Roderiek Murchison, which are scattered about the more 
western parts of the Weald. These patches are considerably above 
the great sheet skirting the Beult, and are divided from it by a 
slope of bare Weald-clay. 

The gravels and brickearths which fringe the valley of the Med- 
way between Maidstone and Chatham, and of the Stour between 
Ashford and Canterbury, occupying lower levels than the gravels 
with Tertiary pebbles, already specially discussed, are more difficult 
to distinguish, as it is obvious that any earlier gravels or brickearths 
deposited at low levels in these valleys before the drainage was 
reversed, would, after that event occurred, become undistinguishably 
mixed up with the deposits from such reversed drainage. 

The same remark equally applies to those lowest accumulations of 
gravel and brickearths which fall within the Thames, the East- 

Qu,~rt. Journ. Geol. Soc. vol. vii. p. 381. 
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Essex ~, and the Canterbury-heights drainage-areas, because a similar 
intermingling must have resulted in these cases. Neverthele~, lookL' 
!ng to the fact that there is an absolute absence of gravel or brickearth 
in the valleys of the Crouch (notwithstanding its tributary rivulets 
extend up to the heights capped with glacial beds, which would have 
supplied some gravel material) and of the estuary of the Thames, 
which, as already described, have been excavated at a late period 
through the high ridge separating the Thames from the East-Essex 
gravel-sheet, and through those sheets themselves--and looking to 
the feebleness of the gravel conditions exhibited by the wide sheet 
skirting the Medway and Beult, to which allusion has been Mready 
made, it is probable that by the period of this reversal the condi- 
tions giving rise to the formation of brickearth and to the transport 
of gravel by such flat-faUing streams as the Thames and -~edway 
had ceased in a great degree, and given place to those different con- 
ditions to which the river-mud or modern alluvium is due; so that, 
save to the extent of rearrangement by the action of the river- 
waters, when more voluminous and at higher levels than now, most 
of the material of the gravels along the lower levels of the Medway 
and Stout valleys, except the sheets skirting these rivers and their 
tributaries within-the Weald, was probably transported before the 
reversal took place. In the case of the Darent, inasmuch as its rever- 
sal seems to have preceded the retreat of the sea within the Lower 
Greensand escarpment, its gravels would be much more due to the 
rivers while flowing in their present direction than would those of the 
Stour and Medway, because at this earlier stage the conditions giving 
rise to gravel and brickearth had not so nearly passed away. 

I t  may be asked where, if it be not represented in the gravels lying 
without the Weald, has the ddbris of the subcretaceous rocks re- 
moved to form the valley of the Weald gone ? The most probable 
answer seems to me to be that it is distributed over the bottom of 
the English Channel--not in the modern superficial shingle, but in 
the form of thick beds far out to the west covered by the modern 
shingle, and concealed by it and by the waters of the Channel. 

To sum up the case as I have endeavoured to put it, we have the 
following propositions : - -  

1st. The absence from the Glacial beds of Essex of any ddbris 
representing a considerable denudation of the Weald during the 
Glacial period, and grounds, in the position and constitution of the 
Boulder-clay of the Essex heights, for regarding the Wcalden area 
as beneath the sea during the accumulation of that clay. 

2rid. An absence from the principal Postglacial gravel sheets 
outside the north of the Weald of any quantity of Lower-Cretaceous 
or Hastings-sand material, adeq~te to represent the Postglacial de- 
nudation of that valley by any agent that involves a transport of 
the material removed into the area occupied by these gravels. 

* That is to say, the portion only which occupies the Medway valley between 
Chatham and the Nore ; the portion on the north side of the Thames, viz. in 
:East :Essex, would, unless the North Sea at this time still remained at some 
distance from the Thames mouth, be exempt from this later intermixture. 

c 2  
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3rd. The dimeulty of reconciling the presence of Tertiary pebbles 
in certain Wealden gravels with an origin by means of rivers flowing 
in the direction of the present ones, however high we imagine those 
rivers to have been. 

4th. The antagonism bet~ween the character and form of the 
major valley of the Weald and that of any conceivable excavation 
which could result from the agency of rivers, not merely from rivers 
coincident with the present ones in direction, but from any rivers 
at all. 

5th. The proof which the position of the gravels of the Thames, 
of East Essex, and of the Canterbury heights, and especially the po- 
sition of the lofty ridge dividing the Thames and East-Essex gravels 
from each other, furnishes that the sea of this gravel-period was to 
the south of these gravel-sheets. 

6th. The circumstance that the old coast-contour, when the sea 
lay within the Weald, and the channels and river-drainage entered 
it from the north, remains now stamped, as from a die, on the Chalk 
and Lower-Greensand escarpments, except in the particular region 
where that on the chalk was obliterated by the excessive marine 
denudation consequent upon the acute upthrow of the Guildford 
Hogsbackmespeeially the dry inlet mouth at Merstham. 

7th. The natural manner in which the gravels with Tertiary 
pebbles, mentioned in proposition no. 3, fall into their places, if they 
"be regarded as having received these pebbles by means of channels and 
rivers from the north; and the sufficient explanation which a tidal 
indraught from the south, when the shore-Hne was chalk, and the 
principal denudation of the subcretaceous strata not yet accomplished, 
offers for the small quantity of subcretaceous material and enormous 
quantity of flint possessed by the Thames, East-Essex, and Canter- 
bury-heights gravels. 

8th. The existence of a cause, in the shape of an isthmus at 
Dover, which was adequate to induce a tidal scour sufficient, with the 
river-flow from the north, to produce a denudation of the form and 
character which the major valley and the minor valleys together 
~resent ; the equally adequate cause for a cessation of this denuda- 
tion, and for the mastery so attained by the elevatory action over 
the denudation, which the opening of the Dover Straits (generally 
admitted to be of a late Postglacial date) furnishes; also the general 
fitting in of all these propositions with one another, and with the 
features presented, on the one hand, by the very recent ol~ning of 
the mouths of the Thames and Crouch through the great ridge, and 
the absence from the valleys of the Thames mouth and of the Crouch 
river of either gravel or brickearth ; and, on the other hand. by the 
character of the Selsey deposits. 

2Vo~ e .~ ta fo~  of t~ Map (P1. I.). 
In order that the physical features may appear, the Atherfield- 

clay has been shaded in with the Weald-clay, instead of, as usually, 
with the Lower Greensand. 

The lines A and B indicate those of the two sections, A and B, which 
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accompany the Map ; but those numbered 4, 5, 10, 11, 13, and 14 
indicate the lines of the sections given by  me at pp. 394 to 417 of 
the 23rd volume or' the Quarterly Journnl of the Society, which 
have corresponding numbers attached to them there. 

The two small maps are intended to make intelligible the changes 
of the distribution of land and water to which I trace the denuda- 
tion of the Weald. The first (No. I I . )  is intended to represent an 
earlier stage, viz. that  when the higher gravels of the Thames, East  
Essex, and Canterbury heights were being accumulated in inlets 
filled with salt water, and before the conversion of those inlets into a 
fluviatile condition had heen effected by means of elevation. In  
this the higher elevations of the North and South Downs and 
of the Lower-Greensand country are represented as islands, the 
wear of whose shores and of the Lower-Tertiary and Chalk inlet 
shores supplied with some Lower-Greensand material the large 
accumulations of flint and pebble that  make up the Thames and East  
Essex gravels, and supplied the flint to the Canterbury gravel. The 
highest ridges of the Hastings-sand country are also represented as 
islands. In  the river-beds into which the more northern parts 
of these inlet channels became converted, accumulated the Brick- 
earths with Cyrena .fluminalis, occurring at Clapton, Ilford, Erith,  
and Grays within the Thames inlet, at Clacton and (according to 
the President's statement in the discussion) east of Southend in the 
East-Essex inlet, and at Chislet in the Canterbury area. This 
shell, unknown from the south or south-west of England, regarded 
by me as mostly under the sea during this period, ranges north to 
Yorkshire over the country regarded by me as land. During the 
transition period preceding the establishment of these Oyrena-rivers, 
those angular blocks (said to be Greywethers) occurring at Grays in 
a brickearth on the slope above the Gyrena-deposit, but a little below 
the great sheet of Thames gravel covering the plateau, would seem 
to have been carried in on ice by tidal action *. 

The elevation, and the consequent shrinking and partial breaking up 
of these inlets so as te form river-channels, I regard as a first result of 
the disturbances under which the sea so retreated as to cause the 
distribution of land and water to become eventually as represented 
i n  Map No. I I I . t  The upthrow of the Guildford Hogsback ridge 
and of the ridge of Portsdown 1~11 (shown by lines on Map No. I I . ) ,  

t Those blocks are clearly not derived at second-hanii from the Glacial beds 
of Essex, as supposed by Prof. Morris (Geol. Mag. vol. iv. p. 63) ; for they are 
numerous, all alike, generally with sharp fractures, and all collected in one small 
area; whereas in the Glacial beds of East h~glia large blocks are not common, 
and what there are consist of divers rocks, and are mostly rounded. 

? The commencement of the disturbances of which these rectilinear and 
highly inclined ridges are the intensified result was, I consider, coincident with 
the rise of England from the glacial sea, and the cause of the great denudation 
cffected during that rise over both the south-west and the south-east of ~-'ngland. 
The margin of this complete denudation is distinctly marked by the abrupt ter- 
mination of the glacial beds, at altitudes exceeding 300 feet, on the Essex heights 
overlooking the Thames valley. Over the region south of these heights it is 
obvious that, besides the glacial beds, a considerable mass of the older tertiaries, 
and probably also much of the chalk and subcretacex)us strata, were removed 

June 23, 2016
 at University of Oregon onhttp://jgslegacy.lyellcollection.org/Downloaded from 

http://jgslegacy.lyellcollection.org/


22 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [ N o v ,  9, 

contemporaneous,  as I consider, wi th  the similar rect i l inear  ridges 
of the Isles of W i g h t  and of Purbeek ,  represent ,  :[ submit ,  the  
elevatory influences under  which the  chalk area of Hampsh i re  and 
of Wilts  became converted into land, and under  which  the Weaiden  
upeast  acquired tha t  special configuration which gave to the up-  
channel  tide its great  scouring power.  I n  :No. I I I .  the sea is shown 
as confined wi thin  the chalk escarpments of the Weald,  wi th  a barr ier  
of land extending across to France  and shut t ing  off the Brit ish Channel  
from the Nor th  Ssa ; while  a par t  of the area now occupied by this 
sea be tween Eas t  Anglia  and the north of France  was in the  condition 
of land supplying streams tha t  found the i r  way through the  Stour 
and Medway gorges into theWeald ,  so much of the drainage as passed 
through the Thames  val ley* reaching  the Wea ld  through the gorges of 
the Way  and Mole to the  west.  The gTavd-beds,  wi th  remains of an 
ancient  beach, described by Mr. Pres twieh and by others near  Calais, 
appear to me to fall into their  place between the two stages thus re-  
presented, while  the  Brighton bed seems to belong to the period re-  
presented by h~o. H I .  and to tha t  following it. I t  will  not  be difficult 
to pursue the  change from the stage thus represented in :No. I I I .  to  
tha t  when  the ,shore had become established at the Lower-Green-  

by this preliminary postglacial denudation; while to the north of the Essex 
heights, away to the northernmost extremity of Britain, the parts once covered 
by the same glacial ~a, being remote from the theatre of these disturbances, 
felt their influence only in the form of a tranquil elevation, and were consequently 
only partially denuded of their covering of glacial beds. It was during a lull 
in these disturbances, and when this preliminary denudation and emergence had 
brought about the conditions represented in Map no. II., that the Thames gravel 
accumulated; so that more properly it was a renewal, and not the setting-in 
of these disturbances, which, first completing the sharp inclination of the recti- 
linear ridges, then lifted them, together with those portions of the chalk and 
sulx, retaceous districts which had not yet emerged, above the sea, and, by re- 
newing the causes of denudation, removed this accmnulation everywhere except 
in the places where we now find it (which it seems to me were the parts ofleast 
disturbance at the particular epoch), eating also still deeper into the old strata as 
they underwent elevation ft'om the waters. I have elsewhere (Quart. gourn. Geol. 
Soc. vol. xxiv. p. 174) endeavoured to connect this renewal of disturbance in the 
south with the setting-in of that depression in' the north of England to which 
was due the postglacial clav. ot' Hessle. , which wraps like. a cloth the deeply, de- 
nuded glacial beds, and is underlain by a gravel containing the eharactermtie 
shell of the Thames beds and their allies, the C:grena flttmillalis. 

~Ihe amount of drainage collected m the Thames valley east of London at 
this period could have been but small, because tho ~.ntire bottom of this valley, 
east of London as far as Erith, which is now occupied by the marsh mud, and 
which, if the embankment were removed would be all flooded, is covered by 
an oak, yew, hazel, and fir forest, rooted into the gravel and overspread by the 
marsh mud. It is clear from this, that subsequent even to the latest part of 
that gravel, but prior to the general depression of England, which buried so 
many forests remaining round our coasts, as well as the forest in question, 
the bottom of this valley, far within limits that, but for the embankments, 
would now be water, was dry ground. I t  is this depre,~ion of so much of 
England, at a late period, that I associate with the opening of the mouths of 
the Thames and Crouch, and the occupation by the present :North Sea of the 
large area to the north of Kent, shown in Map No. III .  as land. This general 
depression seems to have been the recoil from the termination of the %Vealden 
elevation. 
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sand escarpment, with the Medway and Stour still discharging into 
the Weald. All that remains, then, is to imagine the land to the north 
of Kent depressed coincidently with the continued elevation of the 
Weald, so as to produce an opening through the Straits of Dover * 
and the introduction of the North Sea, where it now is, with the 
denudation of the Thames and Crouch mouths taking place synchro- 
nously with the desertion of the Weald by the sea, and the condi- 
tion of things under which the drainage would acquire its present 
direction is then attained. The terrestrial surface described by 
:Mr. Godwin-Austen as underlying at one place gravel of the Wey 
seems intermediate between the desertion of the Weald by the sea 
and the introduction over the spot of the waters of the river Wey, 
which came into existence by means of that reversal. 

In all this, I can but see the most ordinary and gradual changes 
that must take place wherever land under the influence of active 
subterranean disturbance is changing its level, pushing back the sea 
in one place and admitting it in others; and that the elevation of 
the Weald was accompanied by energy so active as to force the 
whole thickness of the chalk into the Guildford Hogsback ridge is a 
matter of universal admission. As this has admittedly occurred. 
since the Eocene period, is it at all incredible that it should have 
taken place since the Glacial period ? considering that beds whose 
fossils indicate a parallelism with the Crag and earlier Glacial beds, 
have become elevated in Sicily into mountain tracts. The Oxus 
has deserted its bed within historical times, and now follows another 
course to the Caspian. 

POSTSCRIPT. 

Since the foregoing paper was sent in, the Journal of the Society, 
no. 104, containing Mr. Codrington's well-considered paper on the 
Hampshire and Isle-of-Wight deposits, has appeared (vol. xxvi. 
p. 528). The carefully prepared sections given by that gentleman, 

illustrating the position of the gravels which cover so much of the 
Hampshire Tertiaries, have an important bearing upon the subject 
of the present paper, and seem to me powerfully to corroborate the 
mode of origin and conditions of sequence which, in the present and 
former papers, I have endeavoured to substantiate in the case of the 
gravels of the London area. 

It will be seen that the whole of the great gravel sheet illustrated 
by Mr. Codrington's sections is, like the Thames, East-Essex, and 
Canterbury-heights gravels, cut off abruptly by denudation on lofty 
brows towards the chalk country; while in the opposite direction it 
descends gradually from these brows towards the sea. 

While the gravels of the London area, having been formed in 
inlets, are necessarily thus cut off on brows towards the chalk 

* I think it probable that the land between Kent and Calais was low in the 
central part, the Wealden elevation having been least in the easterly direction. 
The wearing back of the cliffs to the point where they cut across the chalk escarp- 
ment is a subsequent proceas still going on. 
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country in those directions only where the inlets opened to the sea 
(the gravel within the inlets remaining comparatively undisturbed), 
the Hampshire high-brow gravels are everywhere so cut off in the di- 
rection of the chalk country--as they would be, supposing them, as 
I do, to be a remnant of the open sea-bottom of the period. All the 
numerous sections given by  Mr. Codrington present this feature; 
and though they omit the delineation of the older Tertiaries upon 
which the gravels rest, an examination of the distribution of these 
tertiaries as delineated in the Hampshire maps of the Geological 
Survey will show, by comparison with the sections of Mr. Cedrington, 
that the gravels here have partaken, along with the tertiaries upon 
which they rest, of that denudation which was consequent upon the 
upcast of the chalk country. Mr. Codrington regards these gravels 
as the deposit of an estuary of the sea, some twenty miles wide, that 
was bounded by the chalk country to the north as land; and so I 
agree they were, but not at that early stage when the gravel cap- 
ping the brows of elevation (to altitudes of 400 feet and upwards) 
rose out of the sea. At thc~t time the gravel of the Hampshire high 
brows stretched, I conceive, across the chalk country into connexion 
with those gravels of the Thames, East-Essex, and Canterbury sheets 
which now occupy similar brows of denudation, the conditions of land 
and water being those represented in Map No. II., save that there 
may have been many islands of chalk over Hampshire that I have 
not ventured to represent. The marine denudation, consequent 
upon the upcast of the chalk country, swept off this continuous 
gravel sea-bottom from the parts subjected to the principal elevatory 
movements, and cut back the older tertiary outcrops, with their 
gravel covering, into the condition of brows just discussed, such 
brows being lifted above the sea. To the south, towards the South- 
ampton water, the but little disturbed sea-bottom continued to receive 
and preserve gravel accumulations, which formed a more or less con- 
finuons sheet with the gravel which had become land on the brow- 
tops ; while to the north, in the Thames valley, the waters, now con- 
verted into the fluviatile condition, continued to deposit gravel and 
brickearth, which inosculated.with those portions of the earlier or 
marine deposits that had remained undisturbed, but formed terraces 
beneath the earlier-deposited gravel where this had been elevated.. 

I here reproduce a reduction of section 10 of my paper in the 
23rd volume of the Society's Journal T, placing beside it one taken 
from Mr. Codrlngton's section 6, but extended so as to reach the chalk 
country, and having the older Tertiaries inserted in i t - - in  order that 
the identical features which the gravel brows of either area present 

* These marked terraces, where they exist in the Thames area, are shown in 
Map No, I., and the lower terrace deposit indicated by a different set of dots 
and lines from the main-sheet gravel. Where no such marked terrace exists, 
the older and newer portions of the Thames gravel are shown necessarily under 
the same kind of dotting. 

T In the original section the denuded shelf separating, along the line of m~ction, 
the gravel on the brow from that at lower level (with which, however, it ino~u- 
1~tes in other directions) was not shown ; but it is corrected in the present section. 

June 23, 2016
 at University of Oregon onhttp://jgslegacy.lyellcollection.org/Downloaded from 

http://jgslegacy.lyellcollection.org/


1870.] 

b. 

~c 

W 0 0 D ~ W E A L D - V A L I ~ Y  DENUDATION.  25 

in relation to the chalk country 
that separates them may be more 
readily apparent. 

Further, Mr. Codrington shows 
that these gravels cap, in the form 
of outliers at an altitude of 400 
feet, the chalk ridge stretching 
from east to west through the Isle 
of Wight, the elevation of which, 
like that of the Hog's Back and of 
Portsdown Hill, followed, as I 
contend, the Thames gravel, and 
was coeval in its formation with 
the upcast of the chalk over the 
south of England. The double sec- 
tion (page 26) will make more in- 
teUigible the views which I hold 
of the relation of the two gravel- 
areas to each other, its direction 
being indicated by a line on Maps 
II. and III. 

The upper representation shows 
the condition of the Chalk and 
Tertiaries after the Glacial period, 
and the removal by denudation of 
the glacial beds, whose brow of 
denudation occupies the northern 
side of the Thames at elevations 
reaching to upwards of 300 feet. 
The removal of the Tertiaries 
and Chalk had been partially ef- 
fected by this same denudation, 
but mainly effeeted by that pre- 
glacial denudation associated with 
the curvilinear configuration to 
which, in the footnote at pages 21 
and 22, allusion has been made. 

This upper representation is 
that of the state of land and water 
in Map II., while the lower shows 
the same after the upthrow in 
which the rectilinear ridges of 
Portsdown Hill, the Gui~l. dford 
Hog's Back, and of the isles of 
Purbeck and Wight originated. 
By this upward movement the 
chalk country was converted into 
land, the sea confined within the 
Weald on the one side, and Mr. 
Codrington's inlet established on 
the other; While the part of the 
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tertiaries nearest the surface became elevated with their gravel cover- 
ing, and cut back by the denudation into the form of scarped brows. 

While, however, the high brows of the Hampshire gravel are 
thus, I contend, coewd, or nearly so, with the high-brow gravel of 
the Thames, East-Essex, and Canterbury sheets, the lower-terrace 
beds of the Thames gravel formation are not, I venture to suggest, 
coeval with the Elephant-gravels of Mr. Codrington, but are con- 

1. Weald clay. 2. Lower Greensand. 3. Gault, Maim Rock, and Upper Green- 
sand. 4. Chalk. 5. The Lower Tertiaries. a. The sea-bottom on which 
the high-brow gravel of the Thames and Hampshire sheet8 accumulated. 
b. The sea-level o.f that period, c. The sea-bottom of the inlet wherein the 
lower Hampshire marine gravels accumulated, d. The sea-level of that 
period. The • • • mark the high brows of gravel of the London and 
Hampshire areas, t The part over which the sharply broken flint accumu- 
lations of Sir R. I. Murchison occur, t indicates the foci of preglacial 
upheaval. ~ indicates those of postglacial upheaval. (N.B. The Needle 
Down should in the upper representation have been drawn free of Tertiaries 
and near the sea surface.) 

siderably anterior to them, and possess a well-known older and 
somewhat different fauna, both mammalian and molluscan, though 
of course posterior to the highest-brow gravels of either area. In  
other words, the great slope of gravel which Mr. Codrington shows 
as stretching from low leveh (where i t  inosculates with the Elephant- 
gravels of the valleys) up to brows where it is cut off by denudation 
at elevations of 400 feet, represents, according to my view,~that long 
postglacial period during which, over Surrey, Sussex, and Kent, those 
extensive changes of land and water were proceeding which resulted 
in the denudation of the Weald---the Selsey deposit (which I have 
correlated with the retirement of the sea within the Wealden escarp- 
mentj  being covered by the lowest-level portion of the Hampshire 
sheet. 

Discussion. 

Mr. Gol)wr~-Avsrs~ thought that  the author had done his theory 
injustice in presenting only a portion of the Wealden area for con- 
sideration. He remarked that  phenomena similar to those of the 
Weald were to be found ill various parts of Western Europe. He 
was glad to find that Mr. Searles Wood did not regard the escarp- 
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merits as representing marine cliffs ; but he did not attach sufficient 
weight to the absence of any material of marine origin at their base ; 
so that there was no evidence of the presence of the sea within the 
Wealden area. He differed wholly from the author as to the age of 
the gravels; for beneath the gravels were silty beds containing Ele- 
phant-remains. These gravels he was inclined to refer to a glacial 
period, as they contain blocks such as could have been transported 
only by the agency of ice. The elephants found in the valley of 
the Wey are of the species (E. primigeni~es) which also occurs in the 
Selsey beds; and he believed both to be of glacial age. As to the theory 
of the denudation of the Weald, he professed himself a convert to 
the views of Messrs. Foster and Topley, and cited what was now 
going on around Heligoland in illustration of denudation. 

Mr. WrrI~A~ER observed that the present absence of gravels along 
parts of the valley of the Thames affords no proof of their not having 
formerly e~sted. He pointed out the soft and friable nature of most 
of the rocks of the Wealden, which would account for their absence 
in the gravels. The only really hard rock was the Chert of the 
Lower Greensand, which was abundant in the gravels of East 
Kent. Angular flint~ occurred at the base of the chalk escarpment 
wherever it had been carried back by denudation. The major valley 
of theWeald had been spoken of; but he denied that any such valley 
existed; it was merely a series of numerous small valleys. He 
could not conceive the rivers flowing against the dip of the s~rata, 
as supposed by Mr. Wood. He did not agree in the view'of the 
denudation of the Weald being such an enormous affair, but thought 
that it might be due to comparatively small causes. 

The FaEstl)~N~ pointed out that beyond Southend there was a 
section precisely similar to that of Grays. It was a mistake to suppose 
that pebbles from the Wealden area did not occur in the Thames 
gravels. He thought that much of the denudation of the Wealden 
area might have taken place before the glacial period. The presence 
of Tertiary pebbles in the Wealden area might readily be accounted 
for by their presence at the edge of the escarpment. 

Mr. Sr, ARL~S V. WOOD, $un., in reply, justified himseff for having 
limited his observations to the northern part of the Weald, as it was 
there only that it could be brought into juxtaposition with the Glacial 
beds. He maintained that, under certain circumstances, no beaches 
or marine beds were formed at the base of sea-cliffs. He pointed out 
that in Postglacial gravels large blocks of rock were frequently 
found, and protested against limiting all ice-transport to the glacial 
period. He could not recognize the Selsey beds, with 150 living 
species, some of southern character, and none extinct, as glacial. 
The alleged softness of some of the Wealden rocks, when the great 
excess both of the Lower-Greensand and Hastings-sand areas over 
that of the Chalk was considered, did not at all remove the contra- 
diction presented by the enormous preponderance of flint over sub- 
cretaceous material in the East-Essex gravel. Like Mr. Austen, he 
attributed the Wey gravels and the Selsey bed to nearly the same 
period ; but that was a late postglacial, instead of a glacial one. 
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